Osteoporosis is a public health problem worldwide, with consequences of increasing risk of fragility fractures, disability and premature mortality. This study sought to establish the link between nutrition and bone health in young South African women. This cross-sectional study involved 28 South African females aged 18 to 22 years. Total muscle mass, bone mass, fat mass, spine and femur were measured using dual-energy X-ray absorptiometry. Participants also completed a food intake questionnaire. Nutritional indicators were isolated. Collected data was captured and analyzed by means of statistical package for the social sciences (SPSS). Spearman's correlation method was used to determine the correlations between the selected nutrients and bone density measurements. Positive low-moderate correlations (r=0.4) were found between phytate and total body mass and between phytate and total bone mass. A positive low-moderate correlation (r=0.4) was also found between vitamin K and T-score (lumbar spine). No statistically significant correlations were found between other nutrients and bone density measurements. The fact that this study was unable to illustrate an association between bone mineral density (BMD) and some of these nutrients should not be considered that these nutrients are less significant to bone and general health. Bone mineral status is only one aspect of health in which these nutrients may have long-term beneficial consequences.
Introduction
Osteoporosis is a major public health problem worldwide, with its consequences of increasing the risk of fragility fractures, disability and premature mortality (Ginty, Lanskey, Micro, Muniz, O'Connell, Prentice, Prynne & Yan, 2006) . Among other factors, nutrition and rapid bone loss during menopause have been acknowledged as increasing the risk of osteoporosis (Prynne, Mishra, O'Connell, Muniz, Laskey, Yan, Prentice & Ginty, 2006) . Since nutrition is a modifiable factor, efforts should be concentrated on trying to clarify its effect on bone health.
Although osteoporosis affects mainly the middle and older age groups (Nakamura, Nishiwaki, Okuda, Saito, Tsuchiya, Ueno & Yamamoto, 2005) , it has been established that maximizing the peak bone mass attained at the early 94 Lesola, Wood and Grant stage of life can serve as the most optimum preventive measure for osteoporosis (Johnston, Lyle, Teegarden & Weaver, 1999; Weaver, 2000) .
Researchers have shown that many nutrients play a fundamental role in bone health; these include calcium, magnesium and casein phosphopeptides, (Johnston, Knight, Lyle, Michon McCabe, McCabe, Proulx, Teegarden & Weaver, 1998; Kalkwarf, Khoury & Lanphear, 2003; Aoe, Ishida, Toba, Itabashi, Takada & Uenishi, 2006) . Some of these nutrients, such as calcium and magnesium, are direct components of bone tissue, whilst others are enhancers of calcium absorption, such as vitamin D and casein phosphopeptides. Vitamin K and isoflavones have been shown to directly affect bone cells and bone metabolism, whilst milk basic protein promotes bone formation, suppresses resorption and increases bone mineral density (BMD) in humans (Aoe et al., 2006) . Since minerals comprise two-thirds of bone weight, mineral density is regarded as the predictor of bone strength, i.e. the resistance to fracture (Weaver, 2000) .
Studies have, in the past, predominantly focused on older adults who are at high risk of osteoporosis (Johnston et al., 1998; Hudes & Simon, 2001; Boyle, Faulkner, Mirwald, Thompson & Whiting, 2002) . Recent studies have also investigated the influence of these factors in children and young adults (Johnston et al., 1998; Weaver, 2000; Bailey, Baxter-Jones, Faulkner, Vatanparast & Whiting, 2005) . Although many studies have investigated the relationship between nutrition and bone health amongst females of various age groups, few, if any, have investigated the influence of various nutrients on bone health in young African or South African women. Hence this study sought to establish whether any correlation existed between selected nutrients and bone density measurements in young South African women.
Methodology
This study was conducted on a group (n=28) of young females, aged 18-22 years. The research protocol was approved by the Ethical Committee of the University of Pretoria. Participation was voluntary, and prior to testing each participant completed and signed an informed consent. Pregnant candidates and those who suffered from any chronic diseases were excluded from the study. A standardised nutrition questionnaire recommended by a dietician was completed by the participants (Grant, Langenhoven, Stockton, Day & Bauermeister, 1992) . Participants underwent a dual-energy X-ray absorptiometry scan (DEXA)
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In all subjects, height (m) which was later converted to centimetres and weight (kg), which was later converted to grams, were measured. Total muscle mass (g), total bone mass (g), total fat mass (g), lumbar spine and femur bone mineral mass were measured by DEXA scan. The following nutritional parameters were isolated from the completed general food intake record questionnaire due to their potential role in bone health, as per recommendation of the dietician: energy (kj); total protein (g); total dietary fibre (g); calcium (mg); magnesium (mg); phosphate (mg); sodium (mg); vitamin A (mcg); total carotenoids (mcg); vitamin C (mg); vitamin D (mcg); vitamin K (mcg); alcohol (g); phytate (mg); caffeine (mg); percentage energy protein; fat and carbohydrate. The Food-finder analyses program was utilized for the analysis of the food intake record questionnaire (Grant et al., 1992) .
Both nutrients and DEXA variables were captured on computer and analyzed by means of the SPSS package (Statistical Package for the Social Sciences). Descriptive statistics were produced and Spearman's correlation method was used to determine if any correlation existed between any of the selected nutrient and bone density measurements. The latter correlations method, a nonparametric version of the Pearson correlation coefficient, is based on the ranks of the data rather than the actual values appropriate for this ordinal data that do not satisfy the normality assumption due to the small sample group. Values of the coefficient range from -1 to +1. The sign of the coefficient indicates the direction of the relationship, and its absolute value indicates the strength, with larger absolute values indicating stronger relationships (Thomas & Nelson, 2001 ). Nonparametric statistics were used to accommodate the small sample size. An α level of 0.05 was used for all statistics.
Results
The young female participants' descriptive statistics are outlined in Table 1. Spearman's correlation analysis shows positive low-moderate correlations between phytate and total body mass (r=0, 4) and between phytate and total bone mass (r=0, 4). Additionally, a positive moderate correlation was found between vitamin K and T-score (L) (r=0, 4).
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No other statistically significant correlation was found between any of the other nutrients investigated and bone density measurements on the 5% level of significance. 
Discussion
The primary focus of this study was to examine the correlation between BMD and nutrition in young South African females. Positive low-moderate correlations (0.4) were found between phytate and total body mass and total bone mass, which implies that the higher the phytate scores, the higher the total body mass and total bone mass measurements to a low-moderate extent. Several studies support this correlation in other population groups. Since total bone weight is the strongest predictor of bone mineral density, it confirms the importance of dairy products in bone health (Johnston et al., 1999; Weaver, 2000; Kalkwarf et al., 2003) . Vitamin K has a vital and direct effect on bone cells and bone metabolism; thus the positive moderate correlation (0.4) which was found between vitamin K and lumbar bone density was expected in this young population group (Aoe et al., 2006) and is supported by several other studies (Booth, Broe, Cupples, Dawson-Hughes, Gagnon, Hannan, Kiel, Mclean, Tucker & Wilson, 2003; Aoe et al., 2006; Azar, Bouxsein, Brain, Cummings, Hong, Hsu, Li, Rosen, Tang, Torpedo, Wang, Wu, Xu, Zalloua & Zang, 2007) . As the spine is predominantly a trabecular bone and thus has a high metabolic turnover rate compared with a cortical bone, the ability of dietary intakes to affect it in all age groups is not surprising (Johnson et al., 1998) .
Published studies have found positive BMD correlations with calcium, phosphate, vitamin D, magnesium and zinc that are traditionally known to have a positive effect on bone growth and mineralization (Kalkwarf et al., 2003; Badenhop-Stevens, Crncevic-Orlic, Goel, Ha, Landoll, Li and Matokovic, 2004; Barnard, Berkow & Lanou, 2005; Bailey et al., 2007) . However, this study failed to find statistically significant correlations between any of the other nutrition and bone density measurements. The possibility that the small sample group used in the study or the narrow age range of the participants (18-22 yrs) and the crosssectional study design used must not be excluded when interpreting these results.
Caution should be exercised when generalizing these findings to the rest of the South African female population due to shortcoming of this study. These include the small sample size of 28 female participants which is considered to be too small for a survey study and the narrow age range which limits generalisability of the findings. The findings should rather be investigated further in a larger sample group with a wider age range. Additionally, the apparent BMD peaks should be interpreted with caution due to the cross-sectional design of the study (Bakheet, Ghannam, Hammami & Khan, 1999; Bischoff-Ferrari, DawsonHughes, Dietrich & Orav, 2004) . Finally, self reported nutritional status may have attributed to the participant either under-or over-estimating the nutritional values. A longitudinal design without self-reporting methods is suggested for future studies.
In conclusion, although a significant positive association between phytate, potassium and BMD was observed, several studies documented a positive correlation of BMD and other nutrients such as calcium, magnesium, vitamin D and phosphate (Badenhop-Stevens et al., 2004; Barnard et al., 2005; Bailey et al., 2007) . The fact that this study failed to find an association between BMD and some of these nutrients should not be taken to mean that the nutrients are less significant to bone and our general health. Bone mineral status is only one aspect of health in which these nutrients may have long-term beneficial consequences.
